Expression of ral GTPases, their effectors, and activators in human bladder cancer.
The Ral family of small G proteins has been implicated in tumorigenesis, invasion, and metastasis in in vitro and animal model systems; however, a systematic evaluation of the state of activation, mutation, or expression of these GTPases has not been reported in any tumor type. We determined the activation state of the RalA and RalB paralogs in 10 bladder cancer cell lines with varying Ras mutation status. We sequenced RalA and RalB cDNAs from 20 bladder cancer cell lines and functionally evaluated the mutations found. We determined the expression of Ral, Ral activators, and Ral effectors on the level of mRNA or protein in human bladder cancer cell lines and tissues. We uncovered one E97Q substitution mutation of RalA in 1 of 20 cell lines tested and higher Ral activation in cells harboring mutant HRAS. We found overexpression of mRNAs for RalA and Aurora-A, a mitotic kinase that activates RalA, in bladder cancer (both P < 0.001), and in association with tumors of higher stage and grade. RalBP1, a canonical Ral effector, mRNA and protein was overexpressed in bladder cancer (P < 0.001), whereas Filamin A was underexpressed (P = 0.004). We determined that RalA mRNA levels correlated significantly with protein levels (P < 0.001) and found protein overexpression of both GTPases in homogenized invasive cancers. Available data sets suggest that RalA mRNA is also overexpressed in seminoma, glioblastoma, and carcinomas of the liver, pancreas, and prostate. These findings of activation and differential expression of RalA and RalB anchor prior work in model systems to human disease and suggest therapeutic strategies targeting both GTPases in this pathway may be beneficial.